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ABSTRACT 
In this study, we are researching the growth kinetic of the mutant strain, Rhidotorula 
mucilaginosa MV-I, and its ability to produce and accumulate lipid in sago effluent. The 
sago effluent is taken from a factory in Pusa, while the strain R. mucilaginosa was taken 
from Microbiology Lab. Results shows that the highest dry cell weight is on day 6, 
weighting 0.3203 g. The highest lipid accumulation occurred on day 8, at 0.0145 g/L, 
with the phenol-sulphuric acid analysis showing on that day is 1.018 nm. This shows that 
sago effluent is a viable as a media for lipid accumulation and the strain R. mucilaginos a 
can be used as a source of lipid. 
Key words: Rhidotorula mucilaginosa, accumulate lipid, sago effluent 
ABSTRAK 
Di dalam kajian ini, kita mengendalikan kajian di dalam pertubuhan strain mutan 
Rhidotorula mucilaginosa MN-I, dan kebolehan ia untuk menghasilkan dan mengumpul 
lipid di dalam sago efluen. Sago efluen telah diambil di sebuah kilang di Pusa, manakala 
strain mutan R. mucilaginosa telah diambil di makmal Mikrobiologi. Keputusan 
menunjukkan bahawa berat paling tinggi untuk berat kering sel ialah pada hari keenam, 
dengan berat 0.3203 g. Pengumpulan lipid yang paling banyak berlaku pada hari kelapan, 
pada 0.0145 g/L, dengan fenol sulfurik asid analisa pada hari itu ialah 1.018 nm. Ini 
menunjukkan bahawa sago efluen boleh menjadi media untuk mengumpul lipid dan strain 
R. mucilaginosa adalah satu sumber lipid. 
Kata kunci: Rhidotorula mucilaginosa, pengumpulan lipid, sago efluen 
CHAPTER 1 
INTRODUCTION 
Fossil fuels are known throughout the world as the main source of world energy, 
such as crude oils, coals and gas (Shafiee & Topal, 2009). However, they are a 
non-renewable energy source, as such, they are depletable and regenerate (Dieren, 1995). 
There are numerous other alternatives to fossil fuels that can be used, that are easily able 
to regenerate and produced easily. One of it is lipids. There are numerous microorganisms 
that are capable of synthesizing lipids as an integral part of their metabolism and as an 
energy storage material (Murphy, 2001). Any microorganisms that are capable of 
producing lipids over 20% of their cellular biomass are called an oleaginous species 
(Ratledge, 2004). Oleaginous yeasts are also attracting a lot of attention because of their 
ability to utilise different carbon sources and their high growth rate. Besides that, they are 
also capable of utilizing low cost fermentation media as waste materials from agriculture 
and industrial products (Amaretti et al., 2010, Benjamas & Louhasakul, 2013). For 
example, utilizing sago effluent as a carbon source. Moreover, this microorganisms can 
be cultured in a variety of renewable feedstocks under a controllable environment at a 
rate more rapids than plants. As such, several scientist have suggested using these 
microorganisms which are capable of producing a large amount of lipids. 
According to Ageitos (2011), there are many species of oleaginous yeast such as 
Rhodosporidium sp and Lipomyces sp that are capable of producing lipids. However, for 
the purpose of this research, Rhodotorula sp is chosen, or more specifically a mutant 
strain Rhodotorula mucilaginosa. Strains of Rhodotorula have a high potential to produce 
lipid and some of its strain are capable of accumulating lipids on xylose and 
lignocellulosic substrate as the sole carbon sources. This ability is considered important 
when choosing this strain for industrial purposes (Dai et al., 2007). 
Rhodotorula sp is capable of synthesizing torulene and torularhodin in various 
proportions (Saenge et al., 2011 ). The production of lipids can be used for the production 
of biodiesel and food. Lipids can also be used as lubricants in the form of pellets, which 
is a substance that is able to reduce impurities in food. Not only must the microorganism 
be chosen, the choice of carbon sources must also be considered. The carbon source 
should be easily produce and can be found easily. Therefore, in this studies, we will use 
the Rhodotorula mucilaginosa MV-I strain is chosen to assessed its lipid accumulation 
from sago effluent, which is chosen as its carbon source as it is a waste product and can 
easily be found. 
Objective of the study 
This research has the following objectives: 
1. To determine the growth curve of Rhodotorula mucilaginosa MV-1 in sago effluent. 
2. To measure the biomass produced from the yeast 




The microbial lipids, otherwise known as single cell oils or SCO, is capable of 
providing a source of valuable fatty acids and crude oils, which are capable of being a 
raw material for the production of biodiesel (Rattledge, 2004). These fats are essentially 
synthesized by oleaginous microorganisms, which are cells that contains over 25% lipids 
in their biomass (Donot et al., 2014). Compared to oilseed crops, the rate of production of 
SCO is faster, it does not take up valuable cultivation areas and is also unaffected by the 
geographical location, weather, season and irrigations. Approximately 80% of 
intracellular fat of the yeast is present in the form of triacylglycerols or TAG, while the 
rest are present in the form of monoacylglycerols, diacylglycerols, sterols, phopholipids, 
glycolipids and free fatty acids (Papanikolaou & Aggelis, 2011 ). The accumulation of 
lipids occurred in this lipid bodies (Fickers et al., 2005). The production of lipid typically 
begins at the end of the exponential growth phases and runs most rapidly in the stationary 
phase (Enshaeieh et al., 2013). 
Rhodotorula mucilaginosa 
Rhodotorula sp belongs to the the family Sporidiobolaceae, of the order 
Sporidiales, the class of Urediniomycetes, division of Basidiomycota in the kingdom of 
Fungi (Kurtzman & Fell, 1998). The genus Rhodotorula contains eight species, of which 
three are known to cause diseases in human, they are R. mucilaginosa, R.\,glutinis and R. 
minuta (Larone, 1995). Rhodotorula sp is a common environmental yeast that can be 
found in numerous location such as in the air, soil, lakes, ocean water, milk and fruit 
juices. Rhodotorula sp are ubiquitous saprophytic yeasts that can be obtained from many 
sources. The yeast obtained has a strong affinity toawrds plastic, having been isolated 
from various medical equipment such as dialysis equipment and other sources such as 
shower curtains (Kiehn et al., 1992). 
R. mucilaginosa can be found normally from foods and beverages. There have been 
several studies that have reported the presence of R. mucilaginosa in peanuts, apple cider, 
cherries, fresh fruits, fruit juices, cheese, sausages, edible mollusc and crustaceans 
(Tournas et al., 2006; Eklund et al., 1965). There have been reports of pathogenicity in 
animals by R. mucilaginosa, such as an outbreak of skin infections in chickens and a 
report of a lung infection in sheep (Aruo, 1980; Monga & Garg, 1980). 
Oleaginous yeast 
There are many microorganisms that are capable of synthesizing neutral lipids as an 
integral part of their metabolism and.as an energy storage (Murphy, 2001). However, 
there are certain microorganisms that are capable of producing more than 20% of their 
cellular biomass into lipids, and they are called oleaginous species, or yeast in this 
particular research (Ratledge, 2004). 
Oleaginous yeasts are able to store large quantities of triacylglycerol or TAGs in the 
form of lipid bodies in the cell (Ratledge & Cohen, 2008). The typical range for lipid in 
the biomass for an oleaginous yeast are in the range of 20% to 76%, depending on the 
species and the culture condition (Ratledge, 2002). Oleaginous strain that are being 
studied today are from the Lipomyces sp, Rhodotorula sp, Rhodosporidium sp and many 
more (Sitepu et al., 2013). Lipid accumulation begins when there are an excess of carbon 
and a limitation of nutrients. 
Sago affluent 
Sago is a starch, which is extracted from the spongy centre, otherwise, known as a 
pith, which comes from various tropical palm stems, especially that of Metroxylon 
sagu. It is considered a major staple food for the people in New Guinea and the 
Moluccas, where it is called rabia, saksak and sagu. Southeast Asia is the largest 
supplier of sago, with two notable countries being a large supplier, which are Indonesia 
and Malaysia. 
Sago is normally being used as a cooking material. Sago is often produced in the fonn 
of pearls, which are small rounded starch aggregates, which are partially gelatinized by 
heating. It can be boiled in waters or with milk and sugars to make a sweet sago 
pudding. 
According to the United States Environmental Protection Agency, effluent is 
defined as "wastewater treated or untreated -that flows out of a treatment plant, sewer, 
or industrial outfall. Generally refers to wastes discharged into surface waters." The 
extraction process of sago from tapioca tubers requires between 20, 000 to 30, 000 
litres of water per ton of sago, and this will eventually results in the release of effluent 
with equal volumes with foul smelling, high organic and low Ph (Murthy and Patel, 
1961). 
Starch or otherwise known as amylum rs a polymeric carbohydrates consisting of 
numerous glucose units joining together, held by glycosidic bonds. Starch is the most 
common carbohydrates in a human diet, as such, it is contained in numerous staple 
food, like wheat, maize ( com) and rice. Starch is currently showing a huge potential as 
a natural polymer due to its abundant of supply, low costs and environmental amity 
(Takahashi, 1986). 
In Southeast Asia, an approximate 60 million tonnes of sago starch are being 
produce annually, either through mechanical method or through the traditional way 
(Wang, W. J, et al, 1996). According to a study carried out by Bujang et al. (1996), 
which is to investigate the total water consumption and the production of waste water 
effluent being produced by the factories have reported that approximately 600 sago 
logs are being processed in one of the mills in Sarawak, Malaysia, daily, with 
approximately 5 Lis of water is being consumed during the operation while the factory 
wastewater effluents that are being generated are approximately 30 L/min. It is reported 
in Malaysia that the amount of starch that is contain in sago pith solid waste and 
wastewater can be accounted for nearly half of the total annual imports of starch for that 
particular year (Mohd, A. M. D, et al, 2001). 
The effluents that are being produced by the factories contain high concentration of 
organic matters such as protein, lipids and carbohydrates, appears to be acidic with a ph 
of 3 .4 to 4. 7 which is dependent of the concentration of pollutants and is also emitting 
foul smell (Murthy and Patel, 1961). A commonly practice among the factories is to 
discharge the sago effluent directly into the nearby rivers (Adeni, D.S. A, et al, 2016). 
According to Balubhai Shah (2000), the sago industries has affected the pattern of 
agriculture production and it has also increased greatly in a commercial sense in 
addition to providing numerous job opportunities to the local population. Sago effluent 
has assaulted the degraded environment and groundwater, which has leads to pollution 
to both the groundwater and the surrounding environment (Revathy L. N, 2003). 
CHAPTER3 
MATERIALS AND METHOD 
Materials 
The materials that is used in this study are as follows: 
• Yeast Malt Broth (YMB, HiMedia Laboratories, India) 
• Sago effluent (Pusa, Malaysia) 
• Rose-Bengal Chloramphenicol (RBDC, HiMedia Laboratories, India) 
• Hexane (Reagents, USA) 
• Isopropanol (Amresco, USA) 
• Sulphuric acid (H;SO±, AnalaR, England) 
• Phenol 
3.1 Microorganism conservation in glycerol media 
200 ml of Yeast Malt Broth media was prepared in 250 ml Schott bottle (SCHOTT, 
Duran®,Germany). Then, the Schott bottle is sterilized using an autoclave machine at 
121 °C for 15 minutes. After the Schott bottles have cooled down, one vial of 2 ml stock 
culture of Rhidotorula mucilaginosa (R. mucilaginosa) MN-I was obtained from the 
Microbiology Laboratory UNIMAS collection was poured into the fermentation media 
aseptically. Then, it was left for 2 days on an incubator shaker (Ecotron, Infors HT, 
Switzerland) at 150 rpm at room temperature. This process is to allow the growth of the 
culture. At day 3, staining of the broth was conducted to observe the condition of R. 
Mucilaginosa. Once the stain shows successful staining and the yeast is observed under 
the microscope, the culture is chosen and is propagated for the next stage. 
In order to prepare the R. mucilaginosa glycerol stock, 80 ml of yeast malt broth 
(YMB, SigmaAldrich Inc., USA) was added with 40 ml glycerol (HmbG, Germany) and 
stirred continuously. Then, 2.5 ml of this glycerol stock were aliquoted into a 5 ml 
cryovial tube and this process was repeated to produce 45 tubes of glycerol stock and 
were then sent for sterilization. R. mucilaginosa culture were transferred into each of the 
autoclaved cryovial tubes. The caps were then sealed with parafilm and stored at -20 C 
until further use. 
3.2 Propagation of R. mucilaginosa MV-1 
R. Mucilaginosa MV-1 was propagated in triplicates of 2 L Schott bottle. Each Schott 
bottles is consisting of 1.8 L of YMB media. Each cap of 2 L Schott bottle is modified to 
have three holes for air inlet, air outlet and sampling. These bottles and caps is sent for 
autoclave. After autoclaving and cooling, R. mucilaginosa MV-I innoculum is cultured in 
the Schott bottle. The current cap of Schott bottles was replaced with modified cap. Tube 
for air inlet is connected to the air pump. R. mucilaginosa MV-I is propagated for 7 days 
at room temperature. 
From day 1 to day 7, 5 ml of the samples is taken out through the sampling tube into 
the beaker as waste, while 50 ml of sample is sucked out through the sampling tube into 
three 50 mL Falcon tubes that had been weighed. This process is assisted by the 
peristaltic pump (Masterflex Easyload LIS 7518-00, Cole-Parmer, Malaysia) attached to 
the bottles. 50 ml of sample in the bottle was centrifuged (T40385, Kubota Corporation, 
Japan). Supernatant is removed and wet pellet is be dried for 2 h. After the pellet have dry, 
it is weighed. Data of dry cell weight (DCW) against days is tabulated in the form of table 
and graph which marks the growth kinetics of the culture. From the graph that will be 
tabulated, the day with the highest biomass will be chosen to be the starting of lipid 
accumulation stage. 
3.3 Lipid Accumulation in R. mucilaginosa MN-I 
R. Mucilaginosa MV-I is propagated in 400 ml of YMB media directly at day 7. 
Then, 1800 mL of sago effluent is added into the culture to produce a final volume of 
